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Reduction of the immi mogenicitv of non-human grafts 



The present invention relates to the use of molecules that bind to macrophages and/or 
microglial cells in order to mask and/or remove macrophages and/or microglial cells in 
5 order to treat a non-human graft to diminish the immunogenicity and/or rejection of 
the graft. The molecule could bind to the Galal-3Gal epitope and could e.g. be an 
antibody. The graft could e.g. be a porcine neural graft. The invention also relates to a 
process for removal of cells, such as macrophages and/or microglial cells. The 
invention also relates to a process for preparation of an antibody as mentioned above. 
10 Furthermore, the invention relates to an antibody that binds to macrophages and/or 
microglial cells, preferably the Galal-3Galpl-R epitope, as well as a composition 
comprising such an antibody and a complement reagent. Finally, die invention relates 
to a process for treatment of neurological disorders with such pretreated porcine neural 
grafts. 

15 

Background of the invention 

Neural transplantation is a potential therapy for Parkinson's and Huntington's diseases 
(Peschanski et al., 1995; Olanow et al., 1997; Borlongan et al., 1999; Dunnett and 
20 Bjorklund, 1999). Due to die short supply of human donor material (Dunnett and 
BjSrklund, 1999), tissue derived from an animal source is considered an appropriate 
alternative (Isacson and Breakefield, 1997; Edge et al., 1998), and has the advantage 
of being genetically modifiable (Cozzi and White, 1995; Zawada et al., 1998). When 
implanted into the striatum of immunosuppressed rats, ventral mesencephalic tissue 

: "25 from pig embryos can grow anatomically correct connections (Isacson et al., 1995) and 
restore induced behavioural deficits (Huffaker et al., 1989; Galpem et al., 1996). So 

. : far, porcine neural tissue has been grafted to 12 Parkinson and 12 Huntington patients 
' : in small-scale safety trials (Edge et al., 1 998). 



Porcine neural grafts are, however, prone to immune-related rejection in the human 
brain (Deacon et aL, 1997). Rejection of murine neural grafts can be prevented by 



treatment of rat hosts with antibodies against T lymphocytes of the immune system 
(Okura et al., 1997). The human T-cell repertoire includes cells that are activated by 
porcine major histocompatibility complex (MHC) antigens on porcine cells (direct 
recognition), and cells that are activated by peptides derived from porcine proteins 
5 after processing and presentation by human antigen presenting cells (indirect 

recognition) (Satake et al., 1994; Dorling et al., 1996). For direct recognition to occur, 
the porcine donor cells must express class I and/or class II MHC antigens, which are 
recognised by CD8 and CD4 T lymphocyte cells, respectively. Survival of human 
neural tissue in mouse brain can be prolonged by depletion of host CD4, but not CD8 
1 0 T cells (Wood et al., 1996), proving that CD4 T cells are essential for neural xenograft 
rejection, which is also the case for rejection of non-neural xenografts (Pierson et al., 
1989; Kaufman et al., 1995; Korsgren, 1997). In vitro, pig MHC class II antigens elicit 

a h otT^^r pmiifWarive response in human T cells than pig MHC class I antigens 

(Kirk et al., 1993; Kumagai-Braesch et al., 1993; Yamada et al., 1995; Dorling et al., 
1996), suggesting that cells which express MHC class II antigens, or have the potential 
to express these molecules once implanted, contributes heavily to the immunogenicity 
of the donor tissue. MHC class II antigens have not been reported in neurons 
(Lampson, 1995). 

Cyclosporin, an immunosuppressant that inhibits alloreactivity, is inadequate at 
protecting porcine xenografts from immune attack in rats (Wennberg et al., 1995). 
Continuous cyclosporin treatment of rats hosting porcine neural grafts resulted in some 
degree of graft survival in 74% of the animals 3-4 months after transplantation 
(Pakzaban et al., 1995). A Parkinson patient that received porcine neural grafts and 
continuous cyclosporin treatment had poorly surviving grafts 7.5 months after 
transplantation, considering that 1.2 x 10 7 cells were implanted and only 638 
dopaminergic cells were present at post-mortem histology (Deacon et al., 1997). In the 
clinical setting, the immunosuppression must therefore be more aggressive, which may 
have serious consequences in terms of side effects (Borlongan et al., 1996), or 
supplemented by reduction of donor tissue immunogenicity prior to transplantation. 
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Summary o f the invention 



It has now been shown that when dissociated brain tissue from pig embryos is grown 
in primary culture, its macrophages and/or microglial cells become autofluorescent, 
express both classes of MHC antigens and induce proliferation of T lymphocytes, 
while its astrocytes remain non-autofluorescent, only express MHC class I antigens, 
and only generate a weak proliferative response in human T ceUs (Brevig et al., 1999, 
in press). In attempts to remove macrophages and/or microglial cells from porcine 
brain tissue, a potential target according to the invention is the carbohydrate epitope 
Galal-3GalBl-R (a-galactosyl epitope), which the inventors have now demonstrated 
on macrophages and/or microglial cells and endothelial cells, but not on neurons and 
astrocytes, in embryonic pig brain (Sumitran et al., 1999, in press). Human serum 
contains a high titer ol naturally uccmimg, complement activat i ng Tgfi and I g M 



antibodies against the a-galactosyl epitope (anti-Gal) (Galili, 1993; Rother and 
Squinto, 1996), but also antibodies against other epitopes expressed in ventral 
mesencephalon of pig embryos (Sumitran et al., 1999, in press). Purified anti-Gal and 
complement may thus have the ability to selectively lyse macrophages and/or 
microglial cells and endothelial cells thus removing ihem from porcine neural 
suspension grafts prior to transplantation. 

As described above, neural xenograft survival is compromised by host CD4 T 
lymphocytes. In order to reduce the immunogenicity of porcine embryonic brain 
tissue, which is of interest as donor material in therapeutic xenografting for e.g. 
Parkinson's disease, Huntington's disease, multiple sclerosis, epilepsy and spinal cord 
injuries, the possibility of using the Galal-3Gaipi-R epitope (a-galactosyl epitope) as 
target for antibody- and complement-mediated removal of macrophages and/or 
rnicroglial cells has been studied in vitro by the inventors. After exposing brain cells 
isolated from 27-day-old pig embryos to antibodies against the a-galactosyl epitope 
(anti-Gal) and complement, the remaining cells were (i) analysed by flow cytometry to 
determine the content of macrophages and/or microglial cells, and (ii) co-cultured with 
human peripheral blood CD4 T lymphocytes to determine their ability to elicit a 
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The molecule could be any substance, but is preferably an antibody. Examples of such 
an antibody is a monoclonal or polyclonal antibody. The antibodies may derive from 
any species, but are preferably human. The term monoclonal antibody is art- 
recognised terminology. Monoclonal antibodies of the present invention can be 
prepared according to general methods as described in Kohler et al., 1975. A 
polyclonal antibody is an antibody that could be purified from serum. There is also a 
possibility to create new molecules that binds to the epitope by means of computer 
simulation. Methods for computer simulation are known by a person skilled » the art, 
e.g. as described in EP 0660 210 A2. 

The non-human graft is preferably a porcine graft, e.g. a porcine neural graft, in 
particular a graft derived from porcine embryonic and/or fetal neural tissue. 

Another object of the invention is a process for removal of macrophages and/or 
15 microglial cells from non-human grafts, characterised in that 

(a) the graft, preferably an embryonic and/or fetal neural tissue, is dissociated, possmly 
also converted to a single-cell suspension, 

(b) the dissociated tissue is treated with a molecule that binds to macrophages and/or 
microgbal cells, preferably an antibody, especially an antibody against the Galal- 

20 3Gaipi-R epitope, and possibly also a complement reagent, 

(c) the macrophages and/or microglial cells are deleted from the graft by couplmg of 
the binding molecule to a carrier or by flow sorting, or 

(d) the macrophages and/or microglial cells are lysed with the antibody and the 
complement reagent 



:. : 25 



• In the process above it is preferred mat 

Tl (a) porcine embryonic and/or fetal neural tissue is dissociated, 

Y/J (b) tnedissociatedtissueistreatedwimantibodies.pref^ 
':* :: against the Gakxl-3Gaipi-R epitope and complement reagent in order to remove 

C-J0 and/or mask macrophages and/or microglial cells. 
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(b) the dissocial tissue is «a.ed whh antibodies, prefembly human antibodies 
.gains, me Gal«l-3Gaip 1-R epitope and eomplement in order • remove and/or 
mask macrophages and/or microgUal cells, ^ AtMnA , 

(., me dissocial and antibody- and complem=n,.re.«ed tissne ,s transplanted m«o me 

5 human body. 

P^erably, me -isomers are se.ec.ed from me gronp consisting of Parkmson's disease. 
Huntington's disease, multiple sclerosis, epilepsy and spinal cord nyunes. 
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15 to clinical neural xenotransplantation. 
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go Figure .. Flow cymmetiic analysis of uns.ai.ed brain ceUs from 28-d^-o.d pig 
:T: fetuses. 
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rt .astrocyte and macrophage populations, separated on the basis 
Figure 4. How sorted astrocyte ana 
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Figure 12. Proliferative response of CD4 T lymphocytes from two human individuals 
when co-cultured with pretreated porcine embryonic brain cells. 

Figure 13. Summary of the effect of anti-Gal and complement on dissociated porcine 
5 brain tissue in the clinical situation and in an in-vitro model. 

The invention will now be described by reference to some non-limiting examples 
As used herein, the following terms have the following meanings: 
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BS A means bovine serum albumin, 

DMEM means Dulbecco's modified Eagle's medium, 

EOT A means cmylcnediaminetetraacfitic acid, 



FCS means fetal calf serum, 
15 FITC means fluorescein isothiocyanate, 

FBS means fetal bovine serum, 
Gal means D-galactose, 
GlcNAc means D-N-acetylglucosamine, 
Ig means immunoglobulin, 
20 mAb means monoclonal antibody, 
PBS means phosphate buffered saline, 
PMSF means phenylmethane sulfonyl fluoride, 
PLMEC means porcine liver microvascular endothelial cell, 
RPE means R-phycoerythrin, 
\ 55 TH means tyrosine hydroxylase, 
: TNF means tumour necrosis factor, 

VCAM means vascular cell adhesion molecule, and 
VM means ventral mesencephalon. 

•. --30 All technical and scientific terms used herein are, unless otherwise defined, intended to 
:T : have the same meaning as commonly understood by one of ordinary skill in the art. By 



10 



the expression "comprising" we understand including but not limited to. Techniques 
employed herein are those that are known to one of ordinary skill in the art unless 
stated otherwise. Publications mentioned herein are incorporated by reference. 



5 Examples 



Materials and methods 
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Fvam ple 1 and 2 (g ee gjso for Example 4-7) 

10 . 
Porcine fetal brain cells. Brain cells were isolated from whole brain or ventral 
mesencephalon of 28, 35, 42, and 56 days old pig fetuses (Table 1). Brains isolated 
^ each aOhs ^ litters of 6-15 fetuses were pooled in Gey's Balanced Salt Solution 
(Life Technologies, Scotland) and meninges were carefully removed. The brains were 
cut into small pieces, transferred to brain-cell medium (Eagle's Minimum Essential 
Medium with Earle' s Salts supplemented with L-glutamine, amino acids, vitamins (all 
Life Technologies), penicillin, hexamycin, and sodium bicarbonate) with 20% heat- 
inactivated (56*C, 30 min) horse serum (Life Technologies), triturated with a flame- 
polished pipette, and finally filtered through a Nitex filter with SO-pm pores. The 
filtrates were diluted in brain-cell medium with 20% horse serum to give total volumes 
of 10, 20, 30, or 50 ml per 28, 35, 42, or 56 days old brain, respectively. 

The brain cells were analysed directly after isolation or after 12- 14 days in primary 
culture. Cultures were prepared by adding 5.0 ml cell suspension, prepared as 
described above, to poly-D-lysine (Sigma, USA) coated culture flasks (50-ml flasks; 
Nunc Denmark), followed by incubation at 37<>C in ahumidified atmosphere of 5/o 
CO, in air. After 2 days, when the cells had attached, the medium was changed to 
brain-cell medium with 20% horse serum, and subsequently twice a week to bram-ceU 
medium with 10% horse serum. 
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4-* u»A kv aentlv sweeping the bottoms of me culture 
The cultured brain cells were detached by gently swe P S mat 
i ^ ™tt.. (culture flasks were checked by microscopy w 

•» M " S 4 T?Zt^I> ^ supematants were discarded, eacb «»be 
harvested and used for subsequent analyses. 

. easnnts For —fluorescence sunning of the brnin ceUs, the Mowing 

7 ZZZw nuorornrou,, roniup a.es were used- mouse — 

primasy ant.bo.ues auu " m *^™7^ pT85A; veterinary Medical 
MHC . .gG, (hnmunogen J" anu-MHC n IgO, (mrmunogen: 

thymusfromp.gandotherspec.es, 1.1 , ekme PORC24A; 

0 ^"Z^^re^f^MHC^-- 

(1.10, DAKO) aai-rabbit inununoglobutasFITC (1.10, 

antibodies agautstCD4 and cu« ip antibody. Samples exposed to 

DAKO) was used as secondary anhbody for * OF* >M P 
a u n hme-matched irrelevant antibody (mouse lgG* neganve 
3pec.es- and «W maR PE/Cy5 (1:1; DAKO)) or secondary 

25 DAKO) or mouse IgO, neganve con n^ufacturers, primary 

amibody omy were used as neganve conuols. ^™ M ^ „ e 

B r: g ^gen.ford— 
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KK> pi ceU suspension contanung 1.0 ^ 30 nun in *. d»k a, 

^fcned «o Falcon tubes (BD) and grven 10 ^ 

r esuspende4iu .OO^lCenW^h o ^ 

diK e« unmunostaining. Samples for ntdnect unm ^ ^ 

Falcon tubes by nrcubaang them for 1 Soludon ^ 

m d subsequently for 10 nun m 0.5 ml FACS Perm 

<**»*~ to ^l c ITm were washed twice m Cel.Wash, 
* After 30 min of incubation at j / ^, —* microscopy, or 

eoufocal.asetmicroseopy.Pnot to teoetvmgmeE «# ^.3 3 3, 3 , 

^ by crmfoca, ^ microscopy ^^^^soludonCl.O 
— ylutdocarbocyanine percblora, IX * Mo, ^ ^ ^ 

20 mg Oil per ml »K emanol), incubated for 2 h at 



medium mm 10% horse serum 



25 



, j-^ted above, and l.OxlO 4 ungated 
^ Brain ceUs were starned "^^'^ ^ A 

events were acquired from each sample on a ^ 

fo^-^^-^tt^,«-*-«^ 
were identical for all acquisitions, except 



threshold was reduced. 



ny Dropsofsuspendedbraincellswereplaccdon 
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Suitable parts of the samples were then scanned by a Leica TCS 4D DM R confocal 
laser scanning microscope (Leica, Germany) in dual-channel mode using excrtation 
wavelengths of 488 and 568 nm, detectors with fluorescein and rhodamine optical 
filter sets, and linear AD converting. 

Flow sorting. In order to separate astrocytes and macrophages, single-cell suspensions 
of cultured brain cells, prepared as described above, were sorted at a rate of 2-3x 10 3 
cells/s on a FACSVantage cell sorter (BD) equipped with a Helium-Neon laser (488 
nm), an FL1/FL2 beam splitter (560 nm), and FL1 (530 ± 15 nm) and FL2 (575 ± 13 
nm) filters. In the first protocol, unstained brain cells were sorted by setting 
rectangular gates in a forward-scatter/side-scatter plot and in a green- 
fluorescence/orange-fluorescence plot to sort cells with high side scatter and high 
autofluorescence (manages) into one tob r, and cells with low side scatter and low 
autofluorescence (astrocytes) into another. In the second protocol, 6.0x10' braui cells, 
in 5 0 ml CellWash with 2% FCS, were given 200 jil mouse anti-CD56 IgG, RPE, 
incubated for 30 min at 4°C, washed twice in CellWash with 2% FCS (250 g, 5 min), 
and sorted by setting rectangular gates in a green-fluorescence/orange-fluorescence 
plot to sort CD56-positive cells (astrocytes) into one tube, and autofluorescent, CD56- 
negative cells (macrophages) into another. The sample fluid was CellWash in the first 
protocol, and CellWash with 2% FCS in the second protocol. In both protocols, 
FACSFlow (BD) was used as sheat fluid. A forward-scatter threshold was set to 
exclude subcellular debris in both protocols. 

To determine the purity of the cell populations sorted by the first protocol, volumes of 
300 Ml cell suspension containing 1x10 s brain cells were transferred to Falcon tubes 
and given 30 ul mouse anti-CD56 IgG, RPE. After 30 min in the dark at room 
temperature, the cells were washed twice in CellWash (250 g, 5 min), resuspended m 
300 Ml CellWash, and analysed on a FACScan flow cytometer (as described above). 
To determine the viability of the cell populations sorted by the first protocol, volumes 
) of 300 Ml cell suspension containing 1x10 s brain cells were transferred to Falcon tubes 
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and given 5 propidium iodide (Sigma) solution (100 ng propidium iodide per ml 
PBS). After 10 mm in the dark at room temperature, the samples were analysed by 
flow cytometry. 

The purity of the cell populations sorted by the second protocol was determined by 
flow cytometry without further staining of the cells. The viability of the macrophages 
sorted by the second protocol was determined by flow cytometry after staining with 
propidium iodide (as described above). The viability of the astrocytes sorted by the 
second protocol was determined by counting the blue cells and the total number of 
cells, 10 min after mixing aliquots of 0.4% trypan blue solution (Sigma) and cell 
suspension. 

Mu.J lymphocyte braw cell n.ltvre Mononuclear blood cells (lymphocytes and 



monocytes) from 3 healthy blood donors (H-3970, H-3977, and H-8053) were isolated 
5 from buffy coats by flotation and cryopreserved as earlier described (Brevig et al., 
1997) Prior to use, the cells were thawed in a water bath (37°C), washed (500 g, 10 
nun) 3 times in RPMI (Life Technologies), and left for 24 h in lymphocyte medium 
(90% RPMI 1640 with HEPES, 10% heat-inactivated FCS, 100 IU/ml penicillin, 100 
ug/ml streptomycin, and 2.0 mM L-glutamine; all Life Technologies) at 37°C in a 
0 humidified atmosphere of 5% CO, in air. Volumes of 100 ul lymphocyte medium 
containing 2.0x10 s human mononuclear blood cells (responders) were dispensed in 
wells of U-bottomed microtiter plates (Nunc). Unseparated brain cells, sorted brain 
cells and allogeneic mononuclear blood cells (stimulators) were Y -irradiated (50 Gy), 
and 2 OxlO 4 cells in 100 ul lymphocyte medium were added to wells with responders 
25 (3 or 5 wells per combination). Wells receiving responders and lymphocyte medium 
but no stimulators were used as negative controls (5 or 12 wells per combination). 
Each well was given 1 .0 uCi [ 3 H]-thymidine (Amersham, UK) 24 h prior to cell 
harvest After 4 days of incubation at 37°C in a humidified atmosphere of 5% CO, m 
air, cells were harvested with a cell collection system (Skatron, Norway) and counted 
: 30 in a p-counter (2000CA Tri-Carb; Packard, USA). 
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Statistical analysis. The proliferation data were analysed by one-way analyses of 
variance (ANOVAs) and one-sided, unpaired t tests. 

5 For Fxamnle 3 (See also for Example 4-7) 

Cell culture. The immortalised human umbilical vein endothelial cell line, ECV304 
(ATCC; CRL-1998) was cultured in DMEM/FBS. Porcine liver microvascular 
endothelial cells (PLMECs) were isolated from fresh pig livers obtained from die local 
10 slaughter house. The specimens were chopped to pieces in medium containing 0.05% 
(Wv) collagenase (cat. no. 1 088 793; Boehringer Mannheim; Mannheim, Germany) 
and 0.002% (w/v) DNase I type II from bovine pancreas (cat no. D-4527 ; Sigma), 
fnlWed bv digestion at 37°C for 30-45 min. The cell suspension was filtered to 
remove undissociated tissue, washed three times with PBS, and cultured for 1 week m 
15 0.2% gelatin-coated 25 cm 2 flasks (Falcon) using the medium indicated below. 

Expanded cells were activated for 18 hours with 100 U/ml human recombinant TNF- 
cc (Genzyme, Cambridge, USA), incubated on a rock n> roller for 1 hour at room 
temperature with 50 ug (1 mg/ml) of anti-pig VCAM antibodies (clone 5D1 1; Alexion 
Pharmaceuticals, New Haven, CT), washed once with PBS, and incubated with 100 ul 
20 of paramagnetic goat anti-mouse DYNA beads (DYNAL, Norway) at 4 °C for 45 

minutes followed by immunomagnetic selection on a magnet. Positively selected cells 
were washed three times with PBS and cultured in gelatin-coated six well tissue 
culture plates (Falcon plastics) in DMEM medium containing 10% fetal bovine serum 
(Gibco), penicillin (100 IU/ml; Sigma) and streptomycin (100 ug/ml; Sigma), and 1 
M' : 25 ml/100 ml medium of endothelial cell growth factor (cat. no. E-9640; Sigma). On the 
J.. second day of culturing, the beads were washed away using PBS. The cells were 
T. \ allowed to grow to confluence before subculturing. Endothelial cells were 
*- : ": characterised by morphology, and by flow cytometric phenotyping using anti-E- 
f\: selectin (clone BBIG-E4; cat. no. BBA 16; R&D systems, Oxford, U.K.) and anti- 
C.SO porcine VCAM antibodies. More than 95 % were ECs. 



16 



Isolation of pig embryonic ventral mesencephalic cells. Ventral mesencephalic (VM) 
regions were obtained from E26-27 pig embryos of the Pigham strain (derived from a 
cross between Swedish Landrace x Yorkshire sows and Hampshire boars; Nyholms 
Breeding farm, Sweden). Pigs were bred and euthanized according to local and 

5 national animal ethics regulations. The VM cells contained approximately 10-15% 
dopaminergic cells, the rest being other neurons, glia, microglial cells and 
endothelium. The tissue was dissected in Hank's balanced salt solution with 0.3 uM 
lazaroid U-83836E (Upjohn Inc.) (Nakao et al., 1994). A VM tissue specimen, about 2 
x 2 x 1 mm was cut into 4-6 smaller pieces and these were transferred to cold storage 

10 medium (Grasbon-Frodl et al., 1996) and shipped to Huddinge Hospital for analysis 
the same or the following day. The tissue was then triturated into a cell suspension by 
several passages through a pipette. Prior to shipping and in vitro analysis, the viability 

was checked using ethidium bromide. 

15 Flow cytometric assays. Five times 10 5 VM cells in 50 ul PBS, were incubated with 50 
ul human AB serum, anti-Gal antibody-depleted AB serum or RPMI 1640 medium for 
1 hr at 22°C. The cells were washed three times with PBS containing 0. 1% sodium 
azide. Ten ul of 1 :4 diluted FITC-conjugated F(ab)' 2 fragments of goat anti-human 
IgG or IgM antibodies (109-096-098 and 109-096-129, respectively; Jackson 

20 ImmunoResearch Labs) were added and incubated on ice in the dark for 25 min. The 
cells were washed and then analysed by flow cytometry, a-galactosyl epitope 
expression was estimated by incubating VM cells or PLMECs with biotinylated 
Bandeiraea simplicifolia isolectin B4 (4 ug/ml; cat.no. L-2140; Sigma) followed by 
detection whh FITC-conjugated avidin (cat.no. 55880; Organon Teknika, Durham, 

25 NC) diluted 1:2000 in 1 % BSA/PBS. Alternatively, 200 ul of rabbit serum (Cat. no. 
439665, Biotest AG, Dreieich, Germany) was added to tubes containing 5 x 10 s VM 
cells in 50 ul PBS and 50 ul human AB serum, anti-Gal antibody-depleted AB serum 
or RPMI 1640 medium and incubated further for 1 hour. Dead cells were detected by 
adding 5 ul propidium iodide (PI; 3.2 mM in PBS) immediately prior to analysing the 

'. 30 samples on the flow cytometer (FACScan; Becton Dickinson, Mountain View, 

California) equipped with an argon laser exciting at 488 nm (Jacobs et al., 1983). Data 
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was collected with logarithmic amplification and fluorescence intensity was displayed 
as arbitrary linear units. Fluorescence signals from 10,000 cells were acquired. 

Staining of porcine embryonic VM tissue with anti-tyrosine hydroxylase, anti- 
5 monocyte/macrophage antibodies or the isolectin Bandeiraea simplicifolia IB4. Whole 
heads from E26/E27 embryos were cut, immersion fixed in cold 0. 1 M phosphate 
buffered 4% paraformaldehyde (pH 7.4) over night, followed by an incubation in a 
20% sucrose-PBS solution for at least 24 hours. The specimens were frozen, and four 
serial, 40 um coronal sections were cut on a sliding microtome. Free-floating sections 
10 were stained. 



For tyrosine hydroxylase and microglial cell immunostaining, standard 
immiinohistochemical methods were used (Duan et al„ 1995). Endogenous peroxidase 
activity was removed with a 3% H2O2/10% methanol solution, followed by a 1 hour 

1 5 incubation in 5% swine serum. Sections were incubated over night in rabbit anti-TH 
(1:500; Pel-Freez, Rogers, Ark., USA) or in mouse anti-human monocyte/macrophage 
(1:500; clone MAC387; IgG,; Serotec, Oxford, England) mAbs diluted in PBS 
(pH=7.2-7.4) with 0.3% Triton X-100 (PBS-X) at room temperature. The latter 
antibody binds microglial cells and cross-reacts with swine (Serotec, Oxford, 

20 England). The following day, sections were rinsed three times in PBS-X and incubated 
for 1 hour with biotinylated swine anti-rabbit antibody (1:200; Dakopatts, 
Copenhagen, Denmark) or with a polyclonal biotinylated horse anti-mouse IgG 
antibody (1:200; clone BA-2001; Vector Labs, Burlingame, CA USA), respectively. 
After rinsing in PBS-X, the Vectastain™ standard peroxidase ABC kit was used 
(Vector Labs, Burlingame, CA, USA). After 1 hour, the sections were washed three 
1 . times in PBS-X and visualised using a DAB (3.3 '-maminobenzidine) kit, (Vector 

: Labs). Sections were mounted on gelatin slides, dehydrated by standard alcohol/xylene 
dehydration, and covered with DePeX slips (BDH Labs, Poole, UK). 

• • • 

:"*S0 For isolectin staining with BS-IB4, sections were treated with a 3% H2O2/10% 
: l ' methanol solution to block endogenous peroxide activity followed by a 1 hour 
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incubation in 1% BSA blocking solution. Sections were incubated overnight (4°C) in a 
4 ug/ml solution of biotinylated BS-IB4 (Sigma, L-2140) diluted in PBS (pH=6.8) 
containing 0.2 mM CaCl2 (PBS-Ca). On the following day, sections were washed in 
PBS-Ca three rimes and then incubated at room temperature with the AB solution 
contained in the Vectastain™ standard peroxidase ABC kit (Vector Labs,). After 
rinsing in PBS-Ca the sections were reacted with a DAB solution prepared using the 
Vector™ Dab kit (Vector Labs). Sections were mounted on gelatin slides, dehydrated 
by standard alcohol/xylene dehydration, and covered with DePeX (BDH Labs) glass 
slides. 

Isolation of endothelial and VMcell membranes. Cells were washed once with PBS 
containing 1 mM PMSF and kept frozen at -70 °C until use. Following six cycles of 
frccEC thawing, o e Uo were homogenise d on ice in PRS/1 mM PMSF using a Pounce 



homogeniser (approximately ten strokes). Nuclei were pelleted by centrifugation for 
15 15 minutes at 3,000 x g, the supernatant was collected, the pellet resuspended in the 
same buffer and centrifuged as above. This was repeated once more. The pooled 
supernatants were ultracentrifuged at 100,000 x g for 1 hour and 40 minutes in a Ti 75 
rotor, the pellet resuspended in PBS/1 mM PMSF and overlayed on top of an equal 
volume of a 35 % (w/v) sucrose in PBS solution. Following centrifugation at 100,000 
20 x g for 1 hour without brake in a SW 40 rotor, the membranes were collected as a 
cloudy interphase, and again pelleted by centrifugation at 40,000 x g for 1 hour. VM 
and endothelial cell membrane proteins were solubilized in 10 mM Tris-HCl, pH 7.5 
with 100 mM NaCl, 10 mM EDTA and 1 % Igepal CA-630 (Cat. no. 1-3021; Sigma) 
containing 1 mM PMSF (cat.no. P-7626; Sigma), 1 ug/ml pepstatin A (cat.no. P-4265; 
25 Sigma) and 1 ug/ml leupeptin (cat.no. L-2023; Sigma). An equal volume of 

solubilized cell membrane proteins and 2 x reducing sample buffer were mixed and 
applied on the gel. 

SDS-PAGE and Western blotting. SDS-PAGE was run by the method of Laemmli 
\ 30 (Laemmli et al., 1970) with 5 % stacking gels and 8 % resolving gels using a vertical 
Mini-PROTEAN II electrophoresis system (Bio-Rad, Herculus, CA). Separated 



proteins were electrophoretically blotted onto Hybond™-C extra membranes 
(Amersham) using a Mini Trans-Blot electrophoretic transfer cell (Bio-Rad, Herculus, 
CA). Protein gels were stained using a silver staining kit according to the instructions 
of the manufacturer (Bio-Rad, Herculus, CA). Following blocking for at least 2 hrs in 
5 3 % BS A in PBS, the membranes were probed for 2 hrs at room temperature with 
peroxidase-conjugated Bandeiraea simplicifolia isolectin B4 (L-5391, Sigma) diluted 
to 1 jog/ml in PBS, pH 6.8 containing 0.2 mM CaCl 2 . The membranes were washed 5 
times with PBS, pH 6.8, and bound isolectin was visualised by chemiluminescence 
using the ECL™ kit (Amersham). When membranes were probed with human serum, 

10 they were blocked over night with 3 % BSA in Tris-buffered saline with 0.05% Tween 
20 (TTBS), incubated for 1 hour in room temperature with non-diluted AB serum or 
anti-Gal antibody-depleted AB serum, washed five times with TTBS, and incubated 

for 1 hour in room temperature with peroxidase-conjugated , F(ab)' 2 fragments of goat 

anti-human IgG or IgM antibodies (cat nos. 109-036-098 and 109-036-129, 

15 respectively; Jackson ImmunoResearch Labs.). Following washing in TTBS, antibody- 
binding components were detected using the ECL™ kit (Amersham). 

For Example 4-7. Also for Example 1-3 unless specified otherwise. 

20 Isolation and primary culture of porcine embryonic brain cells. Brains were dissected 
from 27-day-old pig embiyos of the Pigham strain (derived from a cross between 
Swedish Landrace x Yorkshire sows and Hampshire boars; Nyholm Breeding Farm, 
Sweden) in Hank's balanced salt solution with 0.3 lazaroid U-83836E (Upjohn 
Inc., Kalamazoo, MI). Brain cells were isolated and grown in primary culture as 
;25 described elsewhere (Brevig et al., 1997). Briefly, the meninges were removed, and 
the brains from each litter were pooled and cut into small pieces, which were 
: transferred to brain-cell medium (Eagle's minimum essential medium with Earle's 
: salts supplemented with heat-inactivated (56°C, 30 min) fetal calf serum (FCS), L- 
glutamine, amino acids, vitamins, penicillin, streptomycin, and sodium bicarbonate (all 
-3& Life Technologies Inc., Grand Island, NY)). The tissue pieces were triturated with a 
flame-polished pipette, and the resulting cell suspension was filtered through an 80- 
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um-pore nylon mesh (Streno, Denmark) before diluting in brain-cell medium with 
20°/ FCS (10 ml per brain). Aliquots of 5.0 ml cell suspension were added to poly-D- 
lysine (Sigma Chemical Co., St. Louis, MO) coated 50-ml culture flasks (Nunc, 
Denmark), and incubated at 37°C in a humidified atmosphere of 5% C0 2 in air. The 
5 medium was changed after 3 days, and again on day 6 and 9, now to brain-cell 

medium with 10% FCS. After 10-12 days, cultured brain cells were detached by gently 
sweeping across the bottoms of the culture flasks with a plastic pipette, transferred to 
10-ml tubes (content of one flask to one tube), and centrifuged (100 g, 10 min). 
Supernatants were discarded, and the cells in the pellet were resuspended in 500 jd 
10 PBS with 2% FCS using a syringe with a needle of 0.5 mm internal diameter. The 
tubes were left for 15 min at room temperature to sediment cell clusters, and the 
supernatants with single cells in suspension were pooled and used for subsequent 
analys e s. 

15 Bandeiraea simplicifolia isolectin staining of porcine embryonic brain cells. 

Suspended and adherent, cultured porcine embryonic brain cells were stained with 
Bandeiraea simplicifolia isolectin B4 (BS-IB4) in order to determine the expression of 
the a-galactosyl epitope by flow cytometry and light microscopy, respectively. 
Suspensions of 5.0x10 s brain cells in 100 PBS were incubated with or without 3.0 
20 ^g FITC-conjugated BS-IB4 (Sigma) at 4°C for 30 min, washed twice in PBS (250 g, 
5 min), and analysed by flow cytometry as described below. Brain cells adherent to a 
culture dish were fixed in 4% paraformaldehyde in PBS for 30 min, permeabilized by 
1% Triton X-100 (Sigma) in Tris-buffered saline (TBS) for 15 min, and stained by 
incubation with biotinylated BS-IB4 (100 p.g/ml TBS; Sigma) for 60 min, peroxidase- 
\h conjugated streptavidin (1:200 in TBS; DAKO, Denmark) for 60 min, and finally 
i: 0.05% S.S'-diaminobenzidine (DAB; Sigma) in TBS for 15 min. Between the 

incubations, which were all at 20°C, the cells were thoroughly rinsed with TBS. After 
S incubation with DAB, the cells were rinsed with TBS and distilled water, covered with 
P.' Aquamount (BDH Laboratory Supplies, UK), and examined in an inverted light 
: -30 microscope. 
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Treatment of porcine embryonic brain cells with human serum and rabbit complement. 
Freshly isolated porcine embryonic brain cells were split into three aliquot suspensions 
(3.0xl0 6 cells in 2.0 ml PBS), of which one received a treatment with human serum 
and rabbit complement: the cells were given 8.0 ml heat-inactivated human serum 
5 (pooled from blood type AB donors), incubated for 60 min at 4°C, washed in cold PBS 
(400 g, 5 min), resuspended in 5.0 ml Low-Tox-M rabbit complement (lyophilised 
content of one vial was reconstituted to 10 ml with PBS; Cedarlane Laboratories Ltd., 
Hornby, Ontario), incubated for 60 min at 37°C, and finally washed in PBS (400 g, 5 
min). The three cell suspensions were cultured for 10 days in separate culture flasks as 
10 described above, and cells from one culture flask, not treated prior to culture, then 
received an identical treatment with human serum and rabbit complement. Cells from 
all three cultures were analysed by flow cytometry without prior staining, to determine 
the content of autofluorescent mac rophages and/or microglial cells. 

1 5 Isolation of human CD4 T lymphocytes. Mononuclear cells (lymphocytes and 

monocytes) from two healthy blood donors were isolated from buffy coats by flotation 
as earlier described (Brevig et a!., 1997), cooled on ice for a few minutes, and mixed 
with washed, paramagnetic Dynabeads M-450 CD4 (Dynal AS, Norway) to a bead-to- 
cell ratio of 0.6. The tubes were incubated head-over-tail at 4°C for 40 min and left in 

20 a magnetic particle concentrator (MPC; Dynal) for 3 min. The supernatants were 

discarded, and the positively isolated cells on the beads were washed five times in PBS 
with 2% FCS and resuspended in Detachabead CD4/CD8 reagent (1.0 \jl per 2.8x 10 5 
beads; Dynal). After incubation head-over-tail at 20°C for 50 min, the tubes were 
given 5 ml PBS with 2% FCS and left for 3 min in the MPC. The positively isolated 

25 cells in the supernatants were transferred to new tubes and washed, in PBS with 2% 
FCS, once with the MPC and once by centrifugation (500 g, 10 min). 

The purity of the isolated CD4 T lymphocytes was analysed by flow cytometry after 
incubating 5.0x105 cells in 100 PBS with 10 mouse anti-human CD3/4 
: 30 FITC/RPE (Becton Dickinson, San Jose, CA) at 4°C for 30 min and washing twice in 
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PBS (250 g, 5 nun). Isolated cells from individual A and B contain" . 1 / and 
99.7% double-positive cells, respectively. 

Mixed lymphocyte-brain cell culture. A suspension of porcine embryonic brain cells, 
prepared as described above, were split into aliquots containing 3.0xl0 6 cells in 190 pi 
PBS with 2% PCS, and each aliquot was given 1.0 ml of one of the following reagents: 
human IgG (10 mg/ml), human IgM (2.0 mg/ml), human anti-Gal (100 ug/ml), heat- 
inactivated human serum (pooled from blood type AB donors), or lymphocyte medium 
(90%RPMI 1640 with HEPES, 10% heat-inactivated FCS, 100 IU/ml penicillin, 100 
ug/ml streptomycin, and 2.0 mM L-glutamine; all Life Technologies). Human IgG, 
IgM, and anti-Gal were diluted in lymphocyte medium just prior to use. After 60 mm 
at 4°C the cells were washed in cold lymphocyte medium (400 g, 5 min) and 
responded in 1 0 mil ^w-To.-M rabbit complement (lyophilised content of one vial 



was reconstituted to 10 ml with lymphocyte medium). After 60 min at 37'C, the cells 
15 were washed (400 g, 5 min), resuspended in lymphocyte medium, and counted. About 
15% of the brain cells were lost in the incubation and centrifugation steps. The cells 
were y -irradiated (40 Gy), and 2.0x W brain cells in 100 ul lymphocyte medium were 
dispensed in wells of round-bottomed 96-well plates (Nunc). Volumes of 100 ul 
lymphocyte medium containing 2.0x10 s human CD4 T lymphocytes were added m 
20 triplicate to wells with brain cells. Wells receiving CD4 T cells and lymphocyte 
medium but not brain cells were used to determine the background proliferative 
activity of the CD4 T cells. Each well was given 1.0 uCi [ 3 H]-thymidine (Amersham, 
UK) 24 h prior to cell harvest. After 3-7 days of incubation at 37°C in a humidified 
. atmosphere of 5% CG 2 in air, cells were harvested onto glass fibre filters and counted 
25 for 15 min in a 1450 MicroBeta Trilux 0-counter (Wallac, Finland). 

-! The brain-cell suspensions were analysed by flow cytometry without prior staining and 
after staining with propidium iodide (1.0 ug/ml PBS; Sigma) to determine the relative 
>/ number of macrophages and/or microglial cells and viable cells, respectively. Samples 
:S0 given propidium iodide were analysed after 10 min in the dark at room temperature. 
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Flow cytometry. From each sample, l.Ox 10 4 ungated events were acquired on a 
FACSort flow cytometer (Becton Dickinson). A forward-scatter threshold was set to 
exclude subcellular debris. 

5 

Fxam ple 1 - Macrophages and/ or micro glial cells are an tofluorescent astrocytes are 
not 

Unstained brain cells from 28-day-old pig fetuses were analysed with flow cytometry 
10 directly after isolation (Fresh) or after 14 days in primary culture (Cultured) (Fig. 1). 

Plots A and B show the green and orange fluorescence of the cells. Histograms C and 

D show the frequency of cells as a function of their green fluorescence, and include 
mar ^ (MH and the percentage of the total cell number present within the 

markers. Plot B shows regions set to define autofluorescent (Rl) and non- 
15 autofluorescent (R2) cell populations, and plots E and F show the size (forward 

scatter) and granularity (side scatter) of the autofluorescent (Rl) and non- 

autofluorescent (R2) cells. 

In flow cytometric analyses of unstained cells, freshly isolated porcine fetal brain cells 
20 came out as a single population of cells without autofluorescence, while primary 
cultures of these cells, prepared to favour growth of astrocytes and macrophages 
and/or microglial cells, consisted of two cell populations: a larger population of non- 
autofluorescent cells and a smaller population of autofluorescent cells. The 
autofluorescent cells were more granular than the non-autofluorescent cells (Fig. 1). 
25 The percentage of autofluorescent cells varied considerably between the litters, even 
between litters of the same age (Table 1). 



TABLE 1 

Percentage of Autofluorescent Cells in Primary Brain-Cell 
Cultures Prepared from 12 Litters of Fetal Pigs 



Age of fetuses 



Brain 



% autofluorescent 



m 
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10.3 


-J 35 


WrL 


5.4 


1 42 


WB 


T 12.7 


1 56 


WB 


15.6 



from 6-15 brains and incubated for 12-14 days. Several cultures 

were pooled prior to flow cytometry to reduce variability between 

cultures made from the same brains. 

° WB: whole brain. VM: ventral mesencephalon. 

* Determined as shown in Figure 9. 

c Data shown in Figure 9. 



Brain cells isolated from 28-day-old fetal pig brains were grown for 14 days in 
primary culture. Cells were directly [(CD18 - p 2 integrin subunit; only present on 
haemopoietic cells, e.g. macrophages) and (CD56 - NCAM isoform; present on 
neuroectodermal cells, NK cells, and activated T cells, but not on macrophages)] or 
indirectly [(CD44 - present on astrocytes, macrophages, and many other cell types), 
(CD4 - can be present on macrophages), and glial fibrillary acidic protein (GFAP)] 
immunostained using FITC-conjugated (green fluorescence) or RPE-conjugated 
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(orange fluorescence) antibodies (Fig. 2). The isotype control (IC) IgG, is the negative 
control for the CD18 and CD56 stainings, and the isotype control IgG* is the negative 
control for the CD44 and CD4 stainings. Cells were fixed and permeabilized prior to 
staining for GFAP. The GFAP control is a sample that received secondary antibody 
5 only Regions were set in plots G and H to compare the GFAP staining of 

autofluorescent and non-autofluorescent cells. Mean green fluorescence intensxty in 
arbitrary units: G R , = 131. 0« - 199, H Rl = 24, and Hr2 = 13 1. Similar results were 
obtained with cultured brain cells from 35-day-old fetal pigs. Only the autofluorescent 
cells were CD18 positive, and only the non-autofluorescent cells were CD56 positive, 
10 while both populations were CD44 positive. Antibodies against CD4 only stained 

some of the autofluorescent ceUs, and only very faintly. The non-autofluorescent cells 
were stained more intensively by antibodies against the astrocyte marker glial 
fibrillary acidic protein (GFAP) than the autofluorescent cells (Fig. 2). 

15 Cultured brain cells isolated from 28-day-old pig fetuses were incubated with 

fluorescein-labelled E. colt (Fig. 3). The figure shows phagocytosis of E. coli. Plot A 
shows cells from a culture that received fluorescein-labelled E. coli (green 
fluorescence) 30 min prior to flow cytometry, while plot B shows cells from an 
untreated culture. The confocal laser microscopy image shows a cross section of a cell 

20 stained with the lipophilic and fluorescent Dil prior to incubation with fluorescein- 
labelled E. coli and dual-channel scanning. The red pseudocolour represents 
membranes and other lipids stained with Dil (rhodamine optical filter sets) and the 
yellow pseudocolour represents fluorescein-labelled E. coli (fluorescein opttcal filter 
sets). Scale bar: 10 pm. 

Flow cytometric analysis of brain-cell cultures incubated with fluorescein-labelled E. 
coli showed that the autofluorescent cell population split into two along the green- 
fluorescence axis of the dot plot, while the non-autofluorescent cell population 
remained as one (Fig. 3). When examined in a fluorescence microscope, the green 
fluorescence of the bacteria was not associated with the plasma membrane (not 
shown) In cultures stained with the lipophilic and fluorescent Dil and subsequently 
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abated with fluores«in-l.beUed B. coli, confocal laser microscopy showed that the 
majprity of the cells only were stained by Dil. Some colls had, however, fluorescent E. 
coli within cell borders (Fig. 3). 

5 Porcine fetal brain cells, cultured under conditions that favour growth of astrocytes 
and macrophages and/or microgual cells (CasttUano « al., 1991), consisted of bom 
autofluorescent cells and non-autofluorescen, cells, when analysed by flow cytometry. 
Autofluorescence is a known property of macrophages (Havenith « al.. 1993; Nicod e. 
al 1989) and might be due to endogenous flavoproteins (Aubin et al., 1979; Benson 
,0 etal 1979), which are excitable by the 488-nm lasers used in mis study, and can enu, 
Hght'in the green and orange ranges of the spectrum. The autofluorescent cells had 
MA granularity, .gam typical of m^^^ 

-efls were macrophages, we stained the cuftured colls with annbodtes 
known to react with astrocyfcs or macrophages, and tested the cells for phagocytrc 
,5 activity. The autofluorescent cells were CD18*CD44*CD56 GFAF. strongly 

suggesting that these cells indeed were macrophages and/or microglial cells. Stnce no 
marker was available to distingnish between macrophages and/or microglial cells we 
refer to these colls as macrophages, as mis is commonly done a. this early stage of 
brain development (Peny et al., 1988). The norwtuti-fluorescent cells were CD18 
20 CD44*CD56*OFAP*. suggesting that these cells were astrocytes. After mcubatton of 
cultured brain cells with fluorescein-labelled E. coll, the autofluorescent cell 
population spHt into two along the green-fluoresoence axis of the do. plot, and 
fluorescence microscopy and confooal laser microscopy revealed th* me fluorescent 
bacteria were located within the cells, as strong evidence of phagocytic aenvtty by me 
25 autofluorescen. cells. Based on their phenotypic ctaracteristics and phagocyttc 
activity, we conclude that the autofluorescent cells were nwcrophages and/or 
microglial colls, while the non-autofluorescent cells were astrocytes. 

tes do not 
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Brain cells isolated from 28-day-old fetal pig brains were grown for 14 days in 
primary culture and flow sorted without prior staining into an astrocyte and a 
macrophage population, on the basis of cell granularity and auto-fluorescence, and the 
purity and viability of these populations were determined by flow cytometry (Fig. 4). 
5 A. Purity and viability. Cells were stained with RPE-conjugated anti-CD56 (orange 
fluorescence) to determine the purity (stains astrocytes but not macrophages) or 
propidium iodide (orange fluorescence) to determine the viability (stains nucleic acids 
in cells with damaged plasma membrane). The numbers given are the percentages of 
macrophages (left plots) and viable cells (right plots). B. Ability to induce human T- 

10 cell proliferation. Unseparated brain cells, sorted astrocytes, and sorted macrophages 
were y-irradiated to halt proliferation and mixed with lymphocytes from either of two 
human individuals (H-3970 and H-3977) (5 wells per combination). As a negative 

control, the lymphocytes were incubated without stimulators (5 wells per 

combination). The proliferative activity was determined by [ 3 H]-thymidine 

15 incorporation after 4 days of co-culture. Bars represent means and standard errors of 
means. An ANOVA was done for each individual: F H -397o (df 3, 16) = 8.05, p = 1.7 x 
10' 3 and Fh-3977 (df 3,16) = 24.9, p = 2.9 x 10**. Stimulator cells were compared with 
medium in one-sided, unpaired / tests and all p values were less than 0.01. Similar 
results were obtained with brain cells from another litter of 28-day-old pig fetuses. In 

20 co-cultures of sorted astrocytes or sorted macrophages and lymphocytes from either of 
two human individuals, the proliferative activity was significantly higher in wells with 
lymphocytes only (Fig. 4B). 

Brain cells isolated from 28-day-old fetal pig brains were grown for 14 days in 
25 primary culture and flow sorted after staining with RPE-conjugated anti-CD56 (orange 
fluorescence) (Fig. 5). A- Purity and viability. Cells were analysed by flow cytometry 
without further staining to determine the purity (region Rl was set to include the 
CD56-negative macrophages), and after staining with propidium iodide (orange 
fluorescence) to determine the viability. The numbers given are the percentages of 
30 cells within region Rl. The viability of the astrocyte population was 91% (determined 
by trypan blue exclusion). B. Ability to induce human T-cell proliferation. Allogeneic 
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higher purity and viability, cultured porcine fetal brain cells were sorted after staining 
for CD56, which reduced the fluorescence overlap between the two cell populations, 
and fetal calf serum was added to the sample fluid to avoid incubation of the cells in 
serum-free PBS during sorting. By this sorting protocol, we obtained a highly enriched 

5 macrophage population (increase in macrophages from 7.6% to 91%) and a highly 
purified astrocyte population (more than 99% astrocytes), and only a few percent of 
the sorted cells were dead. The sorted macrophages were strong inducers of human T- 
cell proliferation, even stronger than allogeneic mononuclear blood cells. The sorted 
astrocytes, which were coated by anti-CD56 antibodies, were only weak stimulators, 

10 and with one of the two human individuals, the T-cell proliferation was not 
significantly higher than the background proliferative activity. 

Example g - The, cx-galac t^l eriitone is ex pressed on mar ro phape* aud/or microglial 
rails and not on neurons. 

Pig embryonic brain cells, including neurons, glia, microglial cells and endothelial 
cells, from cell suspensions of VM cells were analysed by flow cytometry for 
expression of a-galactosyl epitopes using biotinylated Bandeiraea simplicifolia 
isolectin (BS-IB4) (Fig. 6A). A slight shift in fluorescence of less than one log was 
noted for the bulk population of brain cells when compared to the control. FITC- 
conjugated avidin alone was used as the control. This should be compared to BS-1B4 
staining of PLMECs where a shift to the right on the logarithmic scale of at least two 
ten log steps was seen (Fig. 6B). 

In order to verify our flow cytometry data, we ran a Western blot analysis on BS-IB4 
reactive, solubilized glycoproteins isolated from cell membranes of VM, PLMEC and 
ECV cells following separation on 8% SDS-PAGE, in order to detect possible proteins 
carrying a-galactosyl epitopes. PLMECs were shown to express high levels of a- 
galactosyl epitopes (Fig. 7); epitopes that were carried on several different protein 
backbones as indicated by staining of components with molecular weights ranging 
from high (> 220 kDa) to low (< 30 kDa) mass. Detection was accomplished by 
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chemiluminescence and the two blots represent 5 and 10 second-exposures, 
respectively. Upon longer exposure times (> 10 seconds), we saw weak staining in the 
VM lane of a component of approximately 150 kDa size. Under these conditions, a 
component of similar size and staining intensity was seen among the ECV membrane 

5 proteins (Fig. 7). The distribution of a-galactosyl epitopes on individual cell 

populations of VM cells was examined using BS-IB4 immunohistochemistry. Fig. 8 
shows a saggital section of the VM of a 27 day-old pig embryo stained 
immunohistochemically for tyrosine hydroxylase, which is the rate limiting enzyme 
for dopamine production in dopaminergic neurons. Cell bodies and some axonal fibres 

10 are seen (Fig. 8A). Low power magnification of a coronal section of a 27 day-old pig 
embryo stained immunohistochemically using peroxidase-conjugated BS-IB4 isolectin 
(Fig. 8B). There is intense staining of embryonic brain microvascular endothelium 

(Fig. 8B). and a somewhat less intense staining of microglial cells/tissue resident 

macrophages as seen at higher magnification (Fig. 8C). No prominent staining was 

1 5 found on neural or glia cells. Staining of cells similar in morphology to the BS-IB4 
stained cells in panel C, was seen with a mouse mAb specific for monocytes/tissue 
macrophages, which also binds porcine microglial cells (Fig. 8D). 

It is conceivable that the staining of VM membrane proteins, which was of 
20 approximately the same intensity as the staining of ECV proteins, may be due to a 
recognition of determinants related to a-Gal. However, isolectm-histochemistry 
indicated that the majority of the a-Gal expression is restricted to endothelial cells and 
microglial cells/macrophages, and not to neural cells, in fetal porcine brain tissue (Fig. 
8). BS-IB4 reactivity in the adult mouse brain has also been shown to be confined to 
25 capillaries (Peters et al., 1979). Therefore, a more likely explanation for our observed 
low level expression in the Western blot experiments, is that the a-Gal expressing 
cells constitute only a small fraction of the total number of cells in the suspended VM 
cell graft. The flow cytometry data (Fig. 6A), however, shows a shift of the majority of 
VM cells and may not reflect the expression seen on endothelial and microglial cells in 
30 isolectm-histochemistry (Fig. 8). 
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p^m pii. A - Purification of antibodies from human serum 

Human IgG, IgM, and anti-Gal were purified from serum pooled from more than 20 
healthy, blood type AB donors using beaded agarose with goat anti-human IgG (Fc 

5 specific; Sigma), goat anti-human IgM (u-chain specific; Sigma), or porcine 

thyroglobulin (source of a-galactosyl epitope; Sigma), respectively. Five ml of slurry 
(2.5 ml of packed beads) were poured into a column of 10 mm diameter and washed 
with PBS. Heat-inactivated human serum (40 ml) was applied at 0.5 ml/min using a 
peristaltic pump, the agarose was washed with several column volumes of PBS, and 

10 bound protein was eluted with 0.1 M glycine/HCl (pH 2.5) at 1.0 ml/min. One- 

millilitre fractions were collected in tubes containing 0. 1 ml neutralising buffer (1.5 M 
Tris/HCl, pH 8.8). The absorption at 280 nm was read spectrophotometrically, and 

contentG of tubes containing protein were pooled, dialysed against 1% PBS, 

lyophihsed, and resuspended in distilled water (1/100 of eluted volume). The protein 

15 concentration was determined using a BCA Protein Assay Reagent Kit (Pierce, 
Rockford, IL) according to the manufacturer's instructions. 

The purity of the IgG and IgM preparations was analysed by SDS-PAGE: 4.0 pg of 
each sample was boiled in SDS reducing or non-reducing buffer for 5 min and loaded 
20 onto ready-made, 4-15% continuous gels (Bio-Rad, Hercules, CA). After 

electrophoresis, the gels were stained using a suver-staining kit (Bio-Rad) according to 
the manufacturer's instructions. No IgM bands appeared in the IgG lanes, but weak 
IgG bands were present in the IgM lanes. 

25 The a-galactosyl-epitope reactivity of the antibodies purified from human serum using 
porcine thyroglobulin was assessed by incubating 5.0x10 s Raji cells (human Burkitt 
lymphoma cell line) or Raji cells transfected and selected to stably express the porcine 
al,3 galactosyl transferase gene (Raji-GT cells) in 100 pi PBS with or without 10 pg 
of the purified antibodies. After 60 mi„ at 4°C, the cells were washed once in PBS 

30 (250 g, 5 min), incubated with rabbit anti-human IgG FITC (1:10; DAKO) or 

rabbit anti-human IgM H^h FITC (1:10; DAKO) at 4°C for 60 min, washed twice 
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in PBS (250 g, 5 nun), and analysed by flow cytometry. The expression of the a- 
galactosyl epitope on Raji-GT cells was verified by staining Raji-GT cells and Rajr 
cells with 3.0 ng FITC-conjugated BS-IB4. Transfection and selection of the Raji-GT 
cell line has been described by Kumagai-Braesch et al. (1998). 

Exgxnpk 5 - M aCT onhnr- — microglial cells cultnrH from embryonic pig bra in 
■ismc exore^ thp rt-ealactosvl epitope 

Porcine embryonic brain cells were grown in primary culture with a high serum 
content in the medium, conditions which produce autofluorescent macrophages and/or 
microglial cells and non-autofluorescent astrocytes, as shown in Brevig et al., 1999, m 
press. Se Example 1 for details. 

Cultured cells were analysed unstained and after staining with FITC-conjugated 
BarMrata simplicifolia isolectin B4 (BS-IB4 F1TC) by How cytomefry. The dotplots 
show the intensity of green (FL1) and orange (FL2) fluorescence (see Ftg. 9). and 
contain . Kne that separates autofluorescent macrophages and/or microglial cells (m) 
from non-autofluorescent astrocy.es (a). Staining resnlred in an increase m green- 
fluorescence geometric means of 1 167 units for macrophages and/or microghal cells 
and 16 units for astrocyres. Thus, macrophages and/or microglial cells express the a- 
galactosyl epitope, but it is not clear whether the weak shrining of astrocytes reflects 
low a-ga.ac.osyl-epi.ope expression or unspeciflc binding of BS-1B4 FfTC. Note the 
log ari.hmic scnles on the axes. The photomicrograph (300.) shows adhere* cultured 
brain cells which were fixed, permeabuized, and aained with biorinylated BS-1B4 and 
peroxidase-conjug^ed streptavidine. The BS-184-posinv. cells are rounded w.m me 
DAB staining product concentrated on the cell membrane. 

As shown by McKenzie e. al., 1995, the a-galactosy. epitope expression may change 
when porcine tissue is cultured, but macrophages and/or microglial colls from 
embryonic pig brain mtuntained their ..-galactosyl epitope expression in culture (Frg. 

9). 
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Dissociated brain tissue was split into aliquots, of which one was treated with human 
serum and rabbit complement prior to culture for 10 days, and another received an 
identical treatment after culture. These cells and untreated, cultured cells were 
analysed by flow cytometry without prior staining to compare the content of 
macrophages and/or microglial cells. In Fig. 10 the histograms show the cell frequency 

function of green-fluorescence intensity (FL1), and contain identical markers 
(Ml) to define the autofluorescent macrophages and/or microgfial cells and the 
percentage of the cells that are within the markers. Both when applied to freshly 

fluted cello and to rHIs grown in primary culture, treatment with human serum and 

rabbit complement reduced the relative number of macrophages and/or microglial 
15 cells. 

r ^le 7 - Treatment of pnrrin~ brain cells ™* »nn-Gal and complement reduce s 

nt of im-rr^ r* and/or microti rHI* ,nn ability to induce human CD4Tz 

cell proliferation 

20 

Raji cells (Raji) and Raji cells transfected to express porcine cd,3 galactosyl 
transferase (and thus the a-galactosyl epitope; Raji-GT) were incubated with the 
antibodies against the a-galactosyl epitope (purified from normal serum as described 
in Example 4; in Fig. 1 1 referred to as aGal) or no antibodies and stained with either 

25 FITC-conjugated anti-human IgG (algG) or FITC-conjugated anti-human IgM (algM). 
The expression of the a-galactosyl epitope on Raji-GT cells was verified by staining 
these and Raji cells with FITC-conjugated BS-IB4. The purified antibodies contained 
both IgG and IgM reactive with Raji-GT cells, but not with Raji cells. Unspecific 
staining of Raji-GT ceUs by algG and algM was minimal, and the purified antibodies 

30 thus contained both IgG and IgM reactive to the a-galactosyl epitope (see Fig. 11). 
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Porcine embryonic brain cells were grown in primary culture foM2 days, dissociated, 
and incubated with human IgG (circle in Fig. 12), human IgM (square in Fig. 12), 
human anti-Gal (triangle in Fig. 12), human serum (diamond in Fig. 12), or medium 
(filled circle in Fig. 12). Human IgG, IgM and annual were prepared as described in 
5 Example 4. After 60 min at 4°C, the cells were washed, resuspended in medium with 
rabbit complement, incubated at 37°C for 60 min, washed again, y-irradiated to halt 
their proliferation, and mixed with highly purified human peripheral blood CD4 T 
cells. CD4 T cells were also grown in absence of brain cells to determine their 
background proliferative activity (cross in Fig. 12). Proliferation was determined as 
10 incorporation of tritiated thymidine, and means of triplicate cultures are given in 

counts per minute (cpm) as shown in Fig. 12. Bars represent one SEM. IgG and IgM 
reactive with the ct-galactosyl epitope were present in the anti-Gal preparation (Fig. 
1 1). The effect of the different hrain-cell pretreatments on content of macrophages 



and/or microglial cells and cell viability is given in Table 2 below. 
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Table 2. Content of macrophages and/or microglial cells and cell viability of 
pretreated porcine embryonic brain cells for co-culture with human CD4 T 
lymphocytes 


Pretreatment 


Macrophages and/or microglial cells 
(%) 


Viable cells (%) 


Human IgG 


1.4 


83.2 


Human IgM 


1.1 


87.5 


Human anti-Gal 


0.8 


87.1 


Human serum 


1.1 


89.6 


Medium 


|3.4 


87.5 



Cultured porcine embryonic brain cells treated with human IgG, human IgM, human 
anti-Gal, or human serum and rabbit complement contained only 0.8-1.4% 
macrophages and/or microglial cells and did not induce proliferation of human CD4 T 
20 cells, while brain cells given a control treatment with medium and rabbit complement 
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contained 3.4% macrophages and/or microglial cells and induced a significant 
proliferative response in human CD4 T cells. 

Even though human IgG, human IgM, human anti-Gal, and human serum were not 
5 equally effective at removing macrophages and/or microglial cells (Table 2), the 
proUferative response of the CD4 T cells to the remaining brain cells was not higher 
than background activity (Fig. 12). This suggests the presence of a threshold, below 
which the macrophages and/or microglial cells are too few to elicit a T-cell response m 
vitro, and possibly in vivo. Another explanation could be that proteins on the 
10 remaining macrophages and/or microglial cells, which are required for them to start a 
T-cell response by the direct pathway, are masked by anti-Gal. The latter explanation 
is consistent with a previous finding that porcine embryonic brain cells treated with 

heatanactivated human serum, and no subsequent treatment with complement, have 

reduced capacity to induce proliferation of human T lymphocytes (Brevig et al., 1997). 

An in vitro model was used to study the human CD4 T-cell response to porcine 
embryonic brain cells (Fig. 13). The brain cells were grown in primary culture prior to 
co-culture with human CD4 T cells, because only cultured cells, and not freshly 
isolated cells, will induce proliferation of human T cells (Brevig et al., 1997). 
Culturing under me conditions described herein, like intracerebral transplantation 
(Mason et al., 1986; Duan et al., 1995), upregulates the expression of MHC antigens 
(Brevig et al., 1999, in press). 

Fig. 13 shows a summary of the effect of anti-Gal and complement (C) on dissociated 
25 porcine brain tissue in the clinical situation and in the in-vitro model used by the 

inventors. Dissociated brain tissue from pig embryos contains neurons (N), astrocytes 
(A), macrophages and/or microglial cells (M), and endothelial cells (E). The latter two 
cell types express the a-galactosyl epitope (a-Gal), and their removal prior to 
transplantation will greatly reduce the potential of the donor tissue to upregulate MHC 
antigens, particularly class n. once implanted. Primary culture in medium with a high 
serum content favours growth of astrocytes and macrophages, and upregulates the 
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expression of MHC antigens. Dissociated porcine brain tissue cultured under these 
conditions can thus be used to study the human T-cell response to porcine neural 
xenografts in vitro. 

The approach of the inventors, which is shown in Figure 13, was (i) to target the a- 
galactosyl epitope, because it is expressed on macrophages and/or microglial cells, but 
not on neurons, in fresh porcine brain tissue (Sumitran et al., 1999, in press), and (ii) to 
use antibody- and complement-mediated lysis, since even macrophages and/or 
microglial cells within small cell clusters can be removed by this mechanism. 



Pretreatment of dissociated porcine brain tissue with anti-Gal and complement 
probably also removes endothelial cells, because the a-galactosyl epitope is 
abundantly expressed on endothelial cells in embryonic pig brain (Sumitran et al., 
1999), and porcine aortic endothelial cells are sensitive to lysis by anti-Gal and 
15 complement (Vaughan et al., 1994). In culture, porcine aortic endothelial cells 

constitutively express class I, but not class II MHC antigens, and induce proliferation 
of human CDS, but not CD4 T cells (Murray et al., 1994). After culture with human 
tumour necrosis factor-a, which may be present in neural grafts due to surgically 
induced inflammation, porcine aortic endothelial cells also express MHC class II 
20 antigens and induce proliferation of human CD4 T cells (Batten et al., 1996). Removal 
of endothelial cells may thus be beneficial for the survival of neural xenografts, but it 
is not known whether donor-derived endothelial cells are necessary for xenograft 
neovascularization in humans. However, in an allogeneic rat model, whole-suspension 
grafts and grafts depleted of microglial cells and endothelial cells developed 
25 identically in terms of neovascularization and colonisation by host microglial cells 
(Pennell and Streit, 1997). 
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Claims 



1. Use of a molecule that binds to macrophages and/or microglia cells, preferably to 
the Galal-3Galpl-R terminated epitopes, in order to remove and/or mask 
5 macrophages/microglial cells in order to treat a non-human graft to diminish graft 
immunogenicity and/or rejection in the human body. 



2. Use according to claim 1, wherein the molecule is an antibody. 

3. Use according to claim 1-2, wherein the non-human graft is a porcine graft, 
preferably a porcine neural graft, in particular a graft derived from porcine embryonic 
and/or fetal neural tissue. 



4. A process for removal of macrophages and/or microglial cells from non-human 
15 grafts, characterised in that 

(a) the graft, preferably an embryonic and/or fetal neural tissue, is dissociated, possibly 
also converted to a single-cell suspension, 

(b) the dissociated tissue is treated with a molecule that binds to macrophages and/or 
microglial cells, preferably an antibody, especially an antibody against the Galal- 

20 3Gaip 1 -R epitope, and possibly also a complement reagent, 

(c) the macrophages and/or microglial cells are deleted from the graft by coupling of 
the binding molecule to a carrier or by flow sorting, or 

(d) the macrophages and/or microglial cells are lysed with the antibody and the 
complement reagent 

25 

5. A process according to claim 4, characterised in that 

(a) porcine embryonic and/or fetal neural tissue is dissociated, 

(b) die dissociated tissue is treated with antibodies, preferably human antibodies, 
against the GaIal-3Gaipi-R epitope and complement reagent in order to remove 

30 and/or mask macrophages and/or microglial cells. 



6. A process for preparation of an antibody that binds to macrophages and/or 
microglial cells, preferably the Galal-3Galpl-R epitope, characterised in that the 
antibody is purified from human serum from blood type AB donors by affinity 
chromatography with, for example, porcine thyroglobulin as a source of the epitope. 

5 

7. An antibody against macrophages and/or microglial cells, preferably the Galal- 
3Galpl-R epitope. 

8. A composition, comprising an antibody according to claim 7, together with a 
1 0 complement reagent. 

9. A composition according to claim 8, wherein the complement reagent is Low-Tox- 
M complement. 

15 10. A process for treatment of neurological disorders, such as Parkinson's disease, 
Huntington's disease, multiple sclerosis, epilepsy and spinal cord injuries, 
characterised in that 

(a) porcine embryonic and/or fetal neural tissue is dissociated, 

(b) the dissociated tissue is treated with antibodies, preferably human antibodies, 
20 against the Gal<xl-3Galpl-R epitope, and complement in order to remove and/or 

mask macrophages and/or microglial cells, 

(c) the dissociated and antibody- and complement-treated tissue is transplanted into 
the human body. 



Abstract 



The present invention relates to the use of molecules that bind to macrophages and/or 
microglial cells in order to mask and/or remove macrophages and/or microglial cells in 
order to treat a non-human graft to diminish the immunogenicity and/or rejection of 
the graft. The molecule could bind to the Gala 1-3 Gal epitope and could e.g. be an 
antibody. The graft could e.g. be a porcine neural graft. The invention also relates to a 
process for removal of cells, such as macrophages and/or microglial cells. The 
invention also relates to a process for preparation of an antibody as mentioned above. 
Furthermore, the invention relates to an antibody that binds to macrophages and/or 
microglial cells, preferably the Galal-3Gaipi-R epitope, as well as a composition 
comprising such an antibody and a complement reagent. Finally, the invention relates 
to a process for treatment of neurological disorders with such pretreated porcine neural 
grafts. 
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